ABSTRACT Two experiments were conducted in order to determine the effect of dietary fatty acid profile on deposition of body fat, carcass fat, and separable fat depots. Diets with four types of fat (tallow, olive, sunflower, and linseed oils) at an inclusion level of 10% were administered to female broiler chickens. In Experiment 1, total body fat, carcass fat (total body fat minus abdominal fat), and abdominal fat (AF) were determined. In Experiment 2, several separable fat depots (abdominal, neck, sartorial, and mesenteric fat) were removed and weighed. In general, the analyzed separable fat depots were reduced in broilers fed sunflower or linseed oils with respect to those fed tallow or olive oil (P < 0.05). Percentages of body and carcass fat were also slightly reduced in birds fed
INTRODUCTION
Several studies have reported less abdominal fat (AF) accumulation in broilers fed diets containing high levels of polyunsaturated fatty acids than in those fed diets containing high levels of saturated or monounsaturated fatty acids (Sanz et al., 1999; Crespo and Esteve-Garcia, 2001 ). This reduction could be accompanied by a reduction in total body fat. Sanz et al. (2000a) found lower total body fat in broilers fed diets rich in polyunsaturated fatty acids than in those fed diets rich in saturated fatty acids. This lowering effect could be due to changes in rates of lipid oxidation or lipogenesis, as has been suggested by some authors (Blake and Clarke, 1990; Cunnane and Anderson, 1997; Sanz et al., 2000b) . However, other studies in broilers (Alao and Balnave, 1984) and rats (Awad et al., 1990) have shown the same body fat deposition in animals receiving different profiles of fatty acids. These results suggest that a different distribution of fat could be another mechanism by which polyunsaturated fatty acids reduce AF. Reduction of AF pad could be compen-2002 Poultry Science Association, Inc. Received for publication June 25, 2001 . Accepted for publication December 11, 2001. 1 To whom correspondence should be addressed: enric.esteve@irta.es.
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sunflower or linseed oil, with respect to those fed tallow; however, the differences were not statistically significant. Regression analysis showed that body fat, carcass fat, and fat depots variability were closely correlated with AF (R 2 = 0.69, 0.56, and 0.81, respectively), except for birds fed tallow, in which abdominal and mesenteric fat showed a different growth pattern with respect to the other treatments and to the other fat depots. These results suggest that polyunsaturated fatty acids reduce fat deposition in separable fat depots with respect to monounsaturated and saturated fats but not in the rest of the body fat depots. The growth pattern of fat depots can be modified by dietary fatty acid profile. Broilers fed saturated fat tend to deposit more fat in abdominal and mesenteric depots.
sated by an increment in other fat depots or in the remainder of carcass fat. In this case, total body fat would not differ between animals fed different dietary fatty acid profiles. When broilers are genetically selected against AF, decreases in other fat depots are observed (Cahaner et al., 1986) . However, the effect of different dietary fats on fat depots other than abdominal has not been yet studied. Therefore, it would be interesting to determine the effect of dietary fat on total body fat and on different adipose tissues to assess if reduction in AF is accompanied by a reduction in other adipose depots.
We designed two experiments in order to determine the effect of different dietary fats in total body fat content and to study their effects on some separable fat depots (SFD) other than AF. We used four fats differing in their fatty acid profiles: tallow, olive oil, sunflower oil, and linseed oil.
MATERIALS AND METHODS

Experimental Diets
The animal facilities, working protocols, and killing methods were approved by the Institut de Recerca I TecAbbreviation Key: AF = abdominal fat; F:G = feed to gain ratio; LPL = lipoprotein lipase; SFD = separable fat depots. nologia Agroalimenaries (IRTA) Ethical Committee. In both experiments, diets were formulated as previously published (Crespo and Esteve-Garcia, 2001 ). The four diets were based on wheat and soybean meal with 10% added tallow, olive oil, sunflower oil, or linseed oil. In Experiment 1, we used an additional diet without supplemental fat and, consequently, with lower energy content. Composition and nutrient analyses of diets are shown in Table 1 .
Experiment 1
One hundred 1-d-old female broiler chickens (Ross 308) were obtained from a commercial hatchery. They were placed in floor pens and fed a commercial starter diet. Day 48. Twelve birds were fed each experimental diet. On Day 48, 10 birds per treatment were weighed and killed by cervical dislocation. After AF weight was determined, birds were stored at −20 C and then cut into several pieces and minced in a 20-L blade cutter 2 for 5 min. The whole sample was refrozen, freeze-dried, and reground. A representative sample was taken from each bird for subsequent analysis. Dry matter and crude protein were determined as outlined by AOAC (1990) . Lipid content was determined by the Folch method (Folch et al., 1957) , and gross energy determined with an adiabatic calorimetric bomb.
3 Carcass fat (whole body fat minus AF) was determined by subtracting lipid content of AF from total body fat. Lipid percentage of AF pad was assumed to be 87.9% and equal for all treatments, as previously determined (Crespo and Esteve-Garcia, 2001 ).
Experiment 2
In Experiment 2, only diets with supplemental fat were used. Fifty 1-d-old female broiler chickens of the Ross 308 strain were obtained from a commercial hatchery. They were placed in floor pens and fed a commercial starter diet. From 21 to 28 d, birds were fed a basal diet based on wheat and soybean meal, without additional Means within a column without a common superscript differ statistically (P < 0.05).
1
Values are means of 10 determinations.
2 B = basal diet (without supplemental fat); T = tallow diet; OO = olive oil diet; SO = sunflower oil diet; LO = linseed oil diet. fat. On Day 28 of the experiment, 10 birds per treatment were placed in individual cages and fed the four experimental diets until Day 53. On Day 53, birds were weighed and killed by cervical dislocation. Fat from different SFD was removed and weighed. Analyzed SFD were abdominal (including fat surrounding gizzard, proventriculus, Bursa of Fabricius, cloaca, and adjacent muscles), mesenteric (fat adhered to mesentery, along the intestine from the pylorus to the colon), sartorial from both thighs (subcuticular fat in cranial thigh region), and neck (subcuticular fat in ventro-caudal neck region), according to Cahaner et al. (1986) and Butterwith (1989) .
Statistical Analyses
All values were subjected to one-way ANOVA by using the GLM procedure of SAS software (SAS Institute, 1992) . When the F test for treatments was significant at P < 0.05, means were compared for significant difference using Duncan's multiple-range test of the same statistical package. In the final weight of Experiment 1, a linear contrast was performed comparing the diets with added fat vs. Means within a column lacking a common superscript differ statistically (P < 0.05). the diet without supplemental fat. The response of carcass fat (total body fat excluding AF), total body fat, and fat depots with respect to AF within treatments was assessed by linear regression analysis (Snedecor and Cochran, 1980) using the REG procedure of SAS software (SAS Institute, 1992) .
RESULTS AND DISCUSSION
Performance parameters of the two experiments are shown in Table 2 . In Experiment 1, birds fed the diet without supplemental fat had lower body weights than those fed diets with added fat (P < 0.05). No significant differences in final body weight of birds fed the different dietary fats were found in either experiment (P > 0.05). In Experiment 1, feed to gain ratio (F:G) was the greatest in broilers fed the basal diet. This difference was significant with respect to broilers fed olive oil, sunflower oil, or linseed oil (P < 0.05). Among treatments with added fat, the highest value of FG was for tallow diets; however, differences were only significant with respect to olive and sunflower oils. In Experiment 2, F:G followed the same Means within a column lacking a common superscript differ statistically (P < 0.05).
1
2 B = basal diet (without supplemental fat); T = tallow diet; OO = olive oil diet; SO = sunflower oil diet; LO = linseed oil diet. tendency although differences were not significant (P > 0.05). These results are in agreement with those of Deaton and Lott (1985) and Donaldson (1985) in which an increase in fat inclusion of diets resulted in better FG, and with those of Pinchasov and Nir (1992) , Su and Jones (1993) and Zollitsch et al. (1997) , in which diets containing saturated fat had poorer F:G than those containing polyunsaturated fats.
Body compositions of birds from Experiment 1 are shown in Table 3 . Total gross energy, and percentage of body and carcass fat was not significantly affected by treatments (P > 0.05), although birds fed the diet with no supplemental fat had the lowest values, and those fed tallow showed the highest values. Percentage of protein and ash were significantly higher for birds fed the diet with no supplemental fat (P < 0.05). Differences between treatments with supplemental fat were not significant (P > 0.05).
Abdominal fat pad values of both experiments are shown in grams and percentage of body weight in Table  4 . Birds fed sunflower and linseed oils had less AF than Means within a row lacking a common superscript differ statistically (P < 0.05). those fed tallow or olive oil. Differences were greater in Experiment 2, which suggests that the effects of polyunsaturation increase with age and body weight. This result is in agreement with other experiments in which AF was reduced with polyunsaturated with respect to saturated or monounsaturated fatty acids (Sanz et al., 1999; Crespo and Esteve-Garcia, 2001 ). Values of the analyzed SFD are shown in Table 5 . Mesenteric fat was highest in birds fed tallow diets, and the difference was significant compared to sunflower or linseed oils (P < 0.05). Birds fed olive oil deposited significantly more fat in the neck region than birds fed linseed oil (P < 0.05).
In birds fed tallow, sartorial fat presented the highest value followed by those fed olive, linseed, and sunflower oils. In this depot, differences were different at P = 0.07. The sum of all analyzed fat depots (AF and SFD) was strongly influenced by dietary fat (P < 0.01). Thus, birds fed sunflower or linseed oils deposited less fat in these fat depots than those fed tallow or olive oil. Total reduction of these fat depots in birds fed sunflower or linseed oils accounted for 34.0 ± 7.7 g and 27.6 ± 7.7 g with respect Significance of the slope: *P < 0.1; **P < 0.05; ***P < 0.001.
to those fed tallow, respectively. AF reduction in the same treatments represented 68 and 60% of the total reduction of analyzed fat depots, respectively. Assuming that AF in Experiment 1 was reduced in the same proportion with respect to the other SFD (not analyzed in this experiment), then reduction of SFD would have been about 3 and 8 g for birds fed sunflower and linseed oils, respectively. These values are similar to those observed in carcass fat reduction (without AF) in broilers fed linseed oil with respect to those fed tallow (because birds fed tallow and linseed oil resulted in the same body weight).
Broilers fed sunflower had slightly higher body weights than those of the other treatments; the effect in grams on total carcass fat could not be observed, but it was found using values as percentages. These results suggest that diets rich in polyunsaturated fatty acid reduced fat content of analyzed fat depots (AF and SFD), which represented about 30% of total body lipids, but no overall effect was expected to be found in the remainder body fat (skin, visceral, feather, skeleton, or the remainder carcass fat), which represents about 75% of total body lipids (Nir et al., 1988) . Therefore, reduction in SFD and AF would account for the reduction in total body fat of birds in Significance of the slope: *P < 0.1; **P < 0.05; ***P < 0.001. Experiment 1. If a similar effect to that observed in the analyzed fat depots had been produced in the remainder carcass fat, which represents three-fourths of total body fat, then reduction in total body fat between birds fed tallow and those fed sunflower or linseed oils would had been higher than that observed in the first experiment (more than 60 g in total body fat), and more likely to be statistically significant. In the experiment of Sanz et al. (2000a) , total body fat of birds fed tallow was statistically different from that of birds fed sunflower, and accounted for about 27 g. This reduction is similar to that observed in fat depots in our second experiment, suggesting that the body fat reduction in the experiment of Sanz et al. (2000a) was due to the reduction in fat content of fat depots but not to the reduction in the remainder of carcass fat. These values are similar to those of Cahaner et al. (1986) , who found that reductions of fat depots in chickens selected against AF were not accompanied by a reduction in the remainder of carcass fat.
Regression equations of carcass fat (total body fat excluding AF) and total body fat (including AF) with respect to AF are shown, per treatment, in Table 6 . Both variables were directly correlated to AF, and a high percentage of FIGURE 1. Linear regression of the mesenteric fat with respect to abdominal fat of birds from Experiment 2. T = tallow diet; OO = olive oil diet; SO = sunflower oil diet; LO = linseed oil diet. Corresponding equations are those of mesenteric fat in Table 7. body and carcass fat variability could be attributed to AF variations, in agreement with Pfaff and Austic (1976) except for broilers fed tallow. In these birds correlation coefficients were 0.44 and 0.25 for body and carcass fat, respectively, and the slopes of the regression levels were always lowest compared to the rest. Thus, when treatments with no supplemental fat and treatments with olive, sunflower, and linseed oils were adjusted to the same regression equation, a higher correlation coefficient was obtained (R 2 = 0.73 and 0.63 for body and carcass fat, respectively) than when diets with tallow were included in the model (R 2 = 0.69 and 0.56 for body and carcass fat, respectively). This computation suggests that in birds fed tallow, the lipids are deposited preferentially in AF depot. Thus, in these birds, body fat accretion is not as closely associated to AF accretion as in the other treatments.
Regression equations of the three analyzed fat depots with respect to AF are shown in Table 7 . Only mesenteric fat of broilers fed tallow was not significantly correlated with AF (Figure 1 ). This comparison is in agreement with Cahaner et al. (1986) , who found that mesenteric fat had lower correlation with AF than the other analyzed fat depots. In the other fat depots, all treatments were adjusted to the same linear function.
Correlation analysis of the sum of analyzed fat depots with respect to AF had a high correlation in all treatments (R 2 = 0.81) except in broilers fed tallow, due to the effect of mesenteric fat in these birds. Thus, variability of fat depots in all treatments is highly correlated with AF variations except for mesenteric fat in broilers fed tallow. In these birds, mesenteric fat had the highest value with respect to the other treatments, and the variability of this fat depot was not dependent on variations in AF (R 2 = 0.0025). These results suggest that growth pattern of fat depots was different for birds fed tallow diets than for birds fed the other diets. Differences in fat deposition between broilers and layer strains seem to be related to the different activities of lipoprotein lipase (LPL) (Griffin et al., 1991) , and studies with broilers have shown different activities of LPL in different fat depots (Butterwith, 1989) , being higher in AF than in the rest of fat depots.
Furthermore, this enzyme in the AF of rats seems to have higher affinity for saturated fatty acids (Sato et al., 1999) , which suggests that LPL could play a role in the different growth of fat depots in birds fed tallow with respect to those fed the other dietary fats.
In conclusion, results of this study suggest that size of separable fat depots can be modified by dietary fatty acid profile because fats rich in polyunsaturated fatty acids produce smaller fat depots than those rich in saturated or monounsaturated fatty acids; however, this effect is not produced in the rest of body lipids. The growth pattern of fat depots can be modified by dietary fat, suggesting that distribution of dietary fat within adipose tissues depends on the fatty acid profile. Thus, birds fed diets rich in saturated fatty acid from animal origin tend to deposit proportionally more fat in abdominal and mesenteric fat depots than in the rest of the body adipose tissues.
